













Tailoring optical resonances  
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The progress made on nano-fabrication technologies has made it possible to devise 
sophisticated optical nano- and micro-cavities that can confine light in a tiny space. These devices 
are widely used in the fields of nonlinear optics and quantum optics because they allow us to obtain 
a high photon density inside an optical microcavity. Among them, photonic crystal nanocavities are 
suitable for applications that use nonlinear optical effects and the quantum properties of light, 
because they have features which enable obtaining high Q resonant modes and their dense 
integration on a chip owing to their small size. On the other hand, there are challenges in cavity 
quantum electrodynamics applications for the quantum information technology with conventional 
photonic crystal nanocavities that the coupling efficiency of light from a cavity to an optical fiber is 
low, in addition, obtaining resonant modes with desired resonant wavelengths and Qs when the 
fabrication is performed, and the implementation of the polarization independence are difficult. 
In this study, I showed that these problems can be solved simultaneously by employing optical 
nanofibers. The proposal has been made for two types of photonic crystal nanocavities of a 
nanofiber-coupled photonic crystal cavity and a silica nanobeam cavity. The former cavity enables a 
high coupling efficiency with an optical fiber besides the tuning of the wavelength and the Q of the 
resonant mode, and on top of them, the latter cavity enables the polarization independence. 
Chapter 1 reviews the background of the study and describes the motivation. 
Chapter 2 summarizes the theories needed for this study and describes principles of forming 
photonic bandgap and a photonic crystal nanocavity, and numerical methods used in this study. 
Chapter 3 presents the principle behind the formation of a nanofiber-coupled photonic crystal 
nanocavity. By measuring the optical properties, I show that a coupling efficiency of 99.6% can be 
achieved at most and, furthermore, that the wavelength and the Q of the resonant mode can be 
tuned by controlling nanofiber’s diameter and contact length between a photonic crystal. 
Chapter 4 shows a demonstration of the formation of coupled resonances by using a fiber 
coupled photonic crystal nanocavity. Avoided crossing was observed in the spectrum domain by 
taking advantage of the wavelength controllability of the resonant modes.  
Chapter 5 reports the design, fabrication and characterization of a silica nanobeam cavity. I 
show that the quality factors for both the TE and TM modes exhibit values higher than 104, and 
confirm the orthogonality of these two modes. In addition, by changing the diameter and the 
distance from the silica nanobeam cavity of the optical nanofiber used for inputting and outputting 
light, I achieve a coupling efficiency of 96% at most and, furthermore, show that the wavelength and 
the Q of the resonant mode can be tuned. 
Chapter 6 describes the design of a silica nanobeam cavity with two spectrally overlapped 
orthogonal modes. By demonstrating numerically the localization of circularly polarized light, I show 
the possibility of the polarization diversity of this device. 
Chapter 7 summarizes the results I report in each chapter and concludes the thesis. 
